Abstract
Introduction

37
Extensive input of sediments into aquatic habitats is a growing global concern (Relyea et al. 2012 ).
38
Land use practices such as agriculture, forestry and road construction increase the transport of fine 39 sediments, and potentially the deposition of sediments onto the streambed (Owens and Walling 2002) .
40
Sediment transport is a natural process, but becomes harmful when exceeding the natural background 41 level (Wagenhoff et al. 2011 ). The impacts of increased sediment flux on riverine biota are typically 42 related to deposits rather than suspended material (Jones et al. 2012 ). In Finland, for example, 43 peatland drainage has led to erosion and increased transport of fines, resulting in the filling of even 44 entire channels of headwater streams (Marttila et al. 2012 , Turunen et al. 2017 . decrease the porosity and hydraulic conductivity of streambed (Cui et al. 2008 ) by clogging the 70 coarser bed material (Schälchli 1992) . While the sediment-scale processes are rather well studied and 71 mathematically modelled, more research is still needed to determine the extent of sediment scale 72 hyporheic processes to channel scale hyporheic exchange.
73
Using controlled experiment and replicates (totally 120 tracer injections) we examined the We used OTIS to produce estimates of cross-sectional area (A, m 2 ), storage zone cross-sectional flow conditions, indicating that sand reduces hyporheic exchange, especially during high-flow events.
257
Our results thus highlight that even low sediment input rate can alter the hyporheic zone exchange in 258 gravel beds also during high flow conditions. Control of fine sediments is imperative especially at 259 headwater streams where stream power is often insufficient to naturally clean the gravel beds. 
